Southern corn leaf blight (SCLB), caused by the fungus Bipolaris maydis, is a disease that significantly affects maize productivity across the globe. A detached leaf assay (DLA) was developed to rapidly assess maize resistance to SCLB. Several experiments were conducted to: (i) identify a highly virulent B. maydis isolate; and to determine the most appropriate (ii) phytohormone to maintain viability of maize leaf tissue, (iii) leaf age for the assay, and (iv) inoculum concentration. Once optimized, the DLA was compared with screenhouse and field experiments. Use of DLA required a maximum of 28 days for resistance assessment, in contrast to screenhouse and field tests at a minimum of 33 and 72 days, respectively. DLA positively correlated with screenhouse (r = 0.48, P = 0.08) and field experiments (r = 0.68, P = 0.008). Assessments of diverse B. maydis strains and host genotypes indicated that the DLA could be used to detect both highly virulent SCLB strains and highly resistant maize genotypes. Here we report that DLA is a rapid, reliable technique to screen maize resistance to SCLB. Use of this tool in maize breeding programs can speed up the process of identification of sources of resistance to multiple variants of SCLB.
Introduction
In sub-Saharan Africa (SSA), maize (Zea mays L.) provides well over 50% of the caloric intake of millions of people (van Ittersum et al. 2016 ). In addition, the crop is highly important for the livestock sector providing feed and forage. In Nigeria, circa 2 million tons of maize are required annually to satisfy the needs of the poultry sector alone (Heise et al. 2015) . However, in tropical regions of SSA, maize production is frequently affected by southern corn leaf blight (SCLB), a foliar disease caused by the fungus Bipolaris maydis (Y. Nisik. and C. Miyake) Shoemaker (teleomorph: Cochliobolus heterostrophus Drechsler) (Kumar et al. 2016) . The disease can be catastrophic such as during the infamous 1970-1971 epidemic in the US caused by Race T (Bhandari et al. 2017; Tatum 1971; Ullstrup 1972) . The other races of B. maydis are Race O and Race C. The former is a more successful saprophyte and thus prevails across the globe (Fisher et al. 1976 ). Race T ranks second in prevalence (Balint-Kurti et al. 2007; Blanco and Nelson 1972; Carson et al. 2004) . Race C has only been reported in China (Carson et al. 2004; Wei et al. 1988 ). Losses associated with SCLB considerably impact livelihoods of farmers, food and feed sectors, and trade in countries where maize is a staple, including several SSA countries.
The fungus B. maydis was previously known as Helminthosporium maydis. In Nigeria, the SCLB disease has been reported since the 1950's (Cammack 1956 ). Craig (1971) found H. maydis to be widely distributed across Nigeria. In another study, Nelson et al. (1970) compared pathogenicity among H. maydis isolates from Africa, South America, Europe, and the USA, including three isolates native to Nigeria. In both studies, the B. maydis isolates native to Nigeria were described to have the characteristics of Race T. A more recent study revealed that 45% of tested farmers' seeds in Nigeria harbored the pathogen (Biemond et al. (2013) .
There is large variability in susceptibilities of maize genotypes to SCLB although genotypes immune to the disease are not known (Bhandari et al. 2017; Mubeen et al. 2017) . In order to assess susceptibilities to SCLB, maize genotypes are usually evaluated in screenhouse, greenhouse, and/or field experiments (Gao et al. 2005) . A drawback is that those evaluations are both timeconsuming and resource-intensive with the ability to screen for SCLB susceptibility being restricted to B. maydis variants endemic to the area. Further, in some cases, the outcome of the evaluations is influenced by external factors preventing disease development and maize genotypes may be incorrectly assigned to a resistance category (Patial et al. 2017) .
Management of SCLB requires an integrated approach composed of resistance, agronomic practices targeted towards reducing inoculum build-up, fungicide applications, among other practices (Lai et al. 2016; Shukla et al. 2012; Wang et al. 2015) . Identifying resistant germplasm allows breeding programs to develop hybrids and synthetics with superior resistance to the disease and adapted to specific environments. This strategy was important for controlling the SCLB epidemic during the 1970s (Ullstrup 1972) . Therefore, development of rapid, reliable assays to detect maize germplasm resistant to SCLB would be valuable for maize breeding programs across the globe.
Detached leaf assays (DLA) are rapid, low-cost laboratory-based techniques used to screen for resistance to both diseases caused by diverse pathogens and insect feeding (Green et al. 2000; Michel et al. 2010; Twizeyimana et al. 2007b) . Viable leaf tissue is plated onto culture media and then inoculated with a pathogen or pest of interest. The required leaf material for each DLA is small (e.g., 5-cm 2 pieces). Thus, DLA allows to rapidly screen large numbers of genotypes in a relatively small area, under controlled conditions, and planting space and resources are saved. Maize breeding programs aiming to develop SCLB resistant maize germplasm would benefit if a DLA is made available. Therefore, the objective of the current study was to develop a DLA to rapidly screen for maize resistance to B. maydis. To assess the efficacy of the assay, DLA results were compared with those from both screenhouse and field experiments.
Materials and methods

Isolation of Bipolaris maydis
Naturally infected maize plants of different varieties showing characteristic symptoms of SCLB were identified in research fields of the International Institute of Tropical Agriculture (IITA), Ibadan, Nigeria (07°30′ 20.7" N; 03°54′08.4″ E). Infected leaves were detached, placed inside labeled plastic bags, and immediately taken to the laboratory. Leaf lesions were excised using a sterile scalpel, surface-sterilized with 1% NaOCl for 1 min, and rinsed in four changes of sterile water. Surface-sterilized leaf fragments were gently tapped on sterile paper towel to remove excess water. Leaf fragments were then transferred into a moist chamber and incubated for 3 d (12 h photoperiod, 25°C). After incubation, sectors of mycelia were transferred to acidified potato dextrose agar (APDA, amended with 0.15% lactic acid). Lactic acid prevents bacterial growth when isolating fungi (Michailides et al. 1997) . Isolates were then single-spored in APDA and incubated for 7 d (12 h photoperiod, 25°C). Recovered single-spored isolates were saved in APDA slants and stored at 4°C until used. In total, 15 SCLB isolates were saved.
Inoculum preparation
Inoculum was prepared by independently growing each of the 15 SCLB isolates on APDA for 14 d (12 h photoperiod, 25°C). After incubation, cultures were flooded with 15 ml sterile 1% TWEEN®20 and spores were dislodged using a sterile spreader. The 1% TWEEN®20 solution allowed to emulsify the spores into suspension. Suspensions were filtered through two layers of sterile cheese cloth and adjusted to a concentration of 10 5 spores ml −1 using a haemocytometer. Eighty grams of autoclaved, sterile sorghum were inoculated with 20 ml spore suspension of each isolate and incubated for 10 d (12 h photoperiod, 25°C). Sorghum grains were soaked overnight prior to sterilization. Sorghum grains inoculated with sterile distilled water served as negative control.
Virulence of B. maydis isolates
Sam-09-3223, an open pollinated variety (OPV) of maize developed for use in Nigeria, was independently inoculated with sorghum grains colonized by each of the 15 B. maydis isolates to assess their virulence. Sam-09-3223, provided by the IITA Maize Breeding Unit, is known to be relatively resistant to SCLB. The virulence assessment was conducted by inoculating 3-week-old maize plants grown in a screenhouse (a netting-covered structure-instead of plastic or glass-that prevents pests to come in contact with the plants and also protects the plants from severe weather conditions). Four sorghum grains colonized by a B. maydis isolate were aseptically placed in maize whorls using sterile forceps. Forceps were disinfected between treatments with 70% ethanol to prevent cross contamination. Three plants were inoculated per isolate. Three plants inoculated with four sterilized, uninoculated sorghum grains served as the control. After inoculation, plants were covered for 24 h with clear plastic bags to maintain high humidity and promote disease development. Covering the plants during the 24 h also prevented the inoculum from being washed-off as a result of misting. Pots containing the plants were arranged in a completely randomized block design. The temperature in the screenhouse was in average 25°C day and night. Relative humidity was maintained at >95% by providing mist using a fogging machine (Reldair Fogging System, Reldairbv, Edisonstraat, The Netherlands). Plants received mist throughout the first night of inoculation and subsequently for 15 min in 30 min intervals during daylight (from 7:30 am to 6:30 pm) until the onset of symptom appearance. After 2 weeks, plants were re-inoculated as above, regardless of the appearance of symptoms. Virulence assessment was rated on a 1 to 5 severity scale where: 1 = no visible symptoms/chlorotic flecks; 2 = up to 10% leaf area covered with small restricted lesions; 3 = 11 to 25% leaf area covered with small restricted lesions; 4 = 26 to 50% leaf area covered with large coalescing lesions; 5 = >50% leaf area covered with large coalescing lesions. Disease severity was assessed every 3 days until 42 days after inoculation (dai). Thereafter, the sum of severity ratings was used to assess the virulence of each isolate. The experiment was repeated twice. Fungal cultures were made from diseased tissues to investigate the Koch postulates.
Optimization of the detached leaf assay (DLA) DLA conditions were optimized by investigating influences of different phytohormones, leaf age, and inoculum concentration on disease development. To optimize the conditions for the DLA, the second-youngest fully unfolded healthy leaf of maize plants grown in the screenhouse were excised and collected in paper bags at 2 weeks (V5 stage) after planting, unless stated otherwise. After excision, leaves were sprayed with sterile water-to prevent leaf curling-and then immediately transferred to the laboratory, cut in 5-cm 2 sections with a sterile scalpel, disinfected in 1% NaOCl for 1 min, washed in four changes of sterile water, blotted dry, and plated on the surface of media in Petri dishes (9-cm-dia).
Assessment of phytohormones Seven phytohormones and sucrose were independently amended into 1% Technical Agar (Oxoid, Unipath Ltd., Hampshire, England). The phytohormones were gibberellic acid (GA; BDH Laboratory Supplies, Poole, England), kinetin (KIN; Fisher Scientific, Fair Lawn, NJ, USA), 6-benzylamino purine (BAP; Sigma-Aldrich, Steinheim, Germany), naphthalene acetic acid (NAA; Sigma-Aldrich), indole butyric acid (IBA; BDH Laboratory Supplies), benzimidazole (BEN; Sigma-Aldrich), and indole-3-acetic acid (IAA; Sigma-Aldrich). Sucrose was purchased from Fisher Scientific. Each compound was tested at 10 concentrations starting at 5 μg ml −1 and up to 50 μg ml −1 , in 5 μg ml −1 increments. Media amendments were made aseptically after autoclaving (121°C, 15 min, 15 psi). Detached leaves of Sam-09-3223 were evaluated on each media in triplicate. Chlorosis levels were scored using a 1-to-9 scale, where 1 = 0 to 5% chlorosis, and 9 = >80% chlorosis (Twizeyimana et al. 2007a ). Leaf sections placed on 1% Technical Agar with no amendments served as negative controls. Chlorosis was measured 2 days after plating and every day until the 16th day. The experiment was repeated twice.
Assessment of leaf age Sections of leaves were obtained from Sam-09-3223 and 09A0009 plants at 2, 4, and 6 weeks after planting (i.e., V5, V9, and V12 stages, respectively). Leaf sections were placed onto in 1% Technical Agar amended with 45 μg ml −1 BAP, and incubated for 18 d (12 h photoperiod, 25°C) in a complete randomized design. Leaf sections plated on 1% Technical Agar with no amendments served as negative control. Chlorosis was measured as above. Each treatment consisted of three replicates. The experiment was repeated twice.
Assessment of optimum spore concentration Five spore concentrations, 10 2 , 10 3 , 10 4 , 10 5 , and 10 6 spores ml −1 , were tested on leaf sections of Sam-09-3223, 09A0009, and 09A3033. Spores of isolate SLB15 were obtained and adjusted as described above. Leaf sections placed on 1% Technical Agar amended with 45 μg ml −1 BAP were independently inoculated on the center by dropping 8 μl of each spore suspension in the center of leaf sections using a pipettor. Leaf sections inoculated with 8 μl sterile 1% TWEEN®20 served as negative controls. Plates were incubated for 10 d (12 h photoperiod, 25°C). The experiment was arranged in a complete randomized design with three replicates per treatment. Two dai, before disease rating commenced, all fungal growth was aseptically removed using sterile cotton moistened with sterile distilled water. The removal of the fungal growth prevented secondary infection and subsequent rapid leaf death. Care was taken not to damage the leaf sections or to contaminate the tissue. Disease severity was assessed daily until 10 dai. Disease severity values were obtained by measuring the area of affected leaf sections and converting it to percentage leaf area affected as follows:
Width of leaf area affected
Width of total leaf area Â Length of leaf area affected Length of total leaf area Â 100 ¼ Percentage leaf area
The experiment was conducted twice.
Maize germplasm used in DLA, screenhouse, and field tests Fourteen maize OPVs (Sam-09-3223, Sam-2010-3531, 9071, 09A0002, 09A0004, 09A0005, 0 9 A 0 0 0 8 , 0 9 A 0 0 0 9 , 0 9 A 0 0 2 0 , 0 9 A 3 0 3 3 , 09A3147, 09A3159, 10A3713, and 09A0096) provided by IITA Maize Breeding Unit were evaluated to assess susceptibilities to the most virulent B. maydis isolate, SLB15. Those OPVs are relatively commonly used by farmers in South West Nigeria and under natural conditions have been observed to possess variable levels of resistance to SCLB (unpublished results). Evaluations were conducted in DLA, screenhouse, and field experiments.
DLA
Leaf sections (5-cm 2 ) from 2-week-old maize plants of the 14 OPVs were plated on media containing 1% Technical Agar, 1.5 ml l −1 lactic acid, 12.5 mg l −1 benomyl, and 45 μg ml −1 BAP. Benomyl was added to prevent saprophytic fungi from growing. B. maydis is naturally resistant to benomyl (Gafur et al. 1998 ). Leaf sections were inoculated with a drop of 8 μl of spore suspension (10 5 spores ml −1 ) of B. maydis isolate SLB15. Plates were incubated for 14 d (12 h photoperiod, 25°C) in a completely randomized block design with four replicates per treatment. Leaf sections inoculated with 8 μl sterile 1% TWEEN®20 served as negative control. At two dai, fungal growth was aseptically removed as described above. Disease severity was assessed every day from 2 to 14 dai as percentage leaf area affected. The Area Under the Disease Progress Curve (AUDPC) was calculated as described in the data analysis section below. The experiment was conducted twice.
Resistance of maize genotypes to SCLB in the screenhouse
All 14 maize OPVs were grown in the screenhouse. Three-week-old plants were inoculated with sorghum grains colonized by B. maydis isolate SLB15 as described above. Pots were arranged in a completely randomized block design with three replicates per cultivar. Screenhouse conditions were maintained as above. Disease ratings in percentage area affected were determined at four dai and thereafter every 3 days until 37 dai. Disease was estimated by calculating the AUDPC. The experiment was conducted twice.
Resistance of maize genotypes to SCLB in the field
The 14 maize OPVs were planted in an IITA-Ibadan research field in a balanced completely randomized design to evaluate their susceptibility to SCLB under natural conditions. Each treatment plot consisted of one row 3-m-long, randomly replicated three times. Each row had 13 hills separated by 25 cm. Distance between rows was 75 cm. Plots were separated at the end by 1-m-wide unplanted alleys. Maize seeds were sown at three seeds per hill and 3 weeks after planting thinned to one plant per hill. The border rows were planted with maize hybrid Oba-Super 1. Fertilizer, herbicide, and insecticide treatments were applied according to recommended doses for South West Nigeria. Fields had overhead irrigation, which promoted favourable conditions for disease development. No fungicides were applied to prevent experimental interference. Disease ratings were done at 28 days after planting (dap) and until 72 dap every 3 days. Disease severity was calculated as percentage area affected of two randomly selected and tagged leaves per plant.
Data analysis
All data was examined with SAS version 9.2 (SAS Institute Inc., Cary, NC). Before analysis all data obtained from all experiments were tested for homogeneity of variance. Heterogeneity was not detected.
Data from experiments to determine optimum inoculum concentration were subjected to analysis of variance (ANOVA) using the GLM procedure. Data of experiments to determine appropriate leaf age and plant hormone were analyzed by repeated measures ANOVA using the GLM procedure. Fisher 's protected least significant difference (LSD) test (α = 0.05) was used to separate mean values. Mean disease ratings for DLA, screenhouse, and field experiments were calculated and used to compute the AUDPC (Campbell and Madden 1990) . AUDPC was calculated as follows:
Where n is the total number of observations, t i is time (days) at the ith observation days and D i is disease severity (percentage infected leaf area at the ith D observation).
AUDPC data were analyzed after square-root transformation, to comply with ANOVA assumptions. AUDPC data were first analyzed separately by type of experiment (e.g., DLA) and then all three experiments were analyzed together (i.e., DLA, screenhouse, and field). Fisher's protected LSD test (α = 0.05) was used to separate means of square-root transformed AUDPC values. For each OPV, means of transformed AUDPC values from DLA, screenhouse, and field experiments were compared by Pearson's correlation using the CORR procedure (α = 0.05).
Results
B. maydis isolation and assessment of isolates' virulence
Fifteen B. maydis isolates recovered from naturally infected maize plants grown in IITA research fields were characterized. Morphological characteristics of the recovered isolates are presented in Fig. 1 . Conidia of all isolates were olivaceous-brown, curved, and spindled shaped (size = 17-20 μm × 70-145 μm). The conidia contained 5-11 septa and had bipolar germination. Isolate SLB15 was the most virulent when evaluated on OPV Sam-09-3223 (Table 1) . Therefore, SLB15 was selected to both optimize the DLA and to assess resistance of 14 maize OPVs to B. maydis using DLA, screenhouse, and field experiments.
Optimization of DLA
There was no contamination in any of the media despite the addition of the amendments after autoclaving. Chlorosis responses significantly (P < 0.0001) varied depending on the phytohormone and time of incubation (Table 2) . Leaf sections incubated on media containing BAP at 45 μgml −1 had less chlorosis than those incubated in media containing any other compound, regardless of their concentration (Fig. 2) . BEN at 5 μg ml −1 was the least effective phytohormone for maintaining green leaf area. Media amended with BAP at 45 μg ml −1 was used in other tests to continue optimizing the DLA and in the optimized DLA.
Within the investigation period, the extent of changes in leaf chlorosis differed significantly by leaf age and genotype (Table 3) . OPV 09A0009 had less chlorosis compared to Sam-09-3223 ( Fig. 3) . For both OPVs, younger leaves had less chlorosis (Fig. 3) . Therefore, 2-week-old leaves were selected.
The lowest and the highest spore concentrations were discarded because the former, 10 2 spores ml −1 , yielded no visible disease symptoms, and the latter, 10 6 spores ml −1 , led to rapid tissue death, over 88% of the examined area within three dai. In both genotypes, disease severity was higher (P < 0.05) in leaves inoculated with suspensions containing 10 5 spores ml −1 (Fig. 4 ) than in leaves inoculated with lesser fungal concentrations and therefore that concentration was selected for further evaluations. The day×treatment interaction was significant (P < 0.0001) for disease severity at all points of assessment (Table 4 ). Germinating conidium at both ends, characteristic of B. maydis. c Photomicrograph of infected maize leaf with B. maydis conidia: (1) conidium, (2) conidiophore bearing the conidium at the tip (3) conidiophore having emerged from the stomata 
DLA evaluation
DLA was conducted using the selected phytohormone, leaf age, and spore concentration mentioned above. All leaves showed symptomswhich appeared as early as two daiexcept for those used in the control treatment. However, disease severity significantly (P < 0.05) varied among the examined OPVs (Table 5 ). Sam-2010-3531 had the lowest AUDPC value (49) and 10A3713 had the highest value (393) ( Table 5 ).
Screenhouse evaluation
Disease severity significantly (P < 0.05) varied among the 14 maize OPVs (Table 5 ). In some OPVs, symptoms were expressed as early as one dai while in others disease progression was slow. OPVs 09A3033 and 9071 had the lowest and highest AUDPC values at 569 and 1642, respectively (Table 5 ).
Field evaluation
Disease symptoms started in most maize OPVs before disease ratings commenced at 28 dap. At the end of the evaluations, Sam-2010-3531 and 09A3159 exhibited no SCLB symptoms ( There was a positive, significant correlation between DLA and field evaluations (r = 0.68, n = 14, P = 0.008) and between screenhouse and field evaluations (r = 0.68, n = 14, P = 0.008). On the other hand, there was a positive but non-significant correlation between DLA and screenhouse evaluations (r = 0.48, n = 14, P = 0.08; Table 6 ).
Discussion
Detached leaf assays are useful tools to screen crop cultivars to diverse diseases (Rajkumar et al. 2005; Boydom and Dawit 2013; Arraiano et al. 2001; Felsenstein et al. 1998; Zandjanakou-Tachin et al. 2013; Weihmann et al. 2016; Degani and Cernica 2014) ; Twizeyimana et al. 2007a; Moročko et al. 2006 ) and insect pests (Maharijaya et al. 2011; Sharma et al. 2005) . We report a rapid, reliable DLA to screen maize genotypes for resistance to SCLB, a disease caused by the fungus B. maydis. The method builds upon preliminary work in our laboratory, in which a DLA to screen for resistance to soybean rust was developed (Twizeyimana et al. 2007a) . In contrast with other DLA methods developed for maize (Weihmann et al. 2016; Degani and Cernica 2014) , our method allows evaluating a maize disease for long periods. DLA was compared with screenhouse and field screening Fig. 3 Influence of leaf age on chlorosis. Leaf sections of two maize OPVs were evaluated for 18 days (the mean is reflected in the bar chart). Leaf sections were plated on 1% Technical Agar amended with 45 μg ml −1 BAP. Leaves were rated using a 1-to-9 scale developed by Twizeyimana et al. (2007b) , where 1 = no chlorosis and 9 = >80% leaf chlorosis. Means significantly different are marked by different letters (LSD, α = 0.05) methods. Field screening is traditionally used to assess maize susceptibilities to SCLB (Bhandari et al. 2017; Singh et al. 2014; Srivastava et al. 2017 ). However, field screening is both resource-intensive and time-consuming. It can take over 70 days to complete field evaluations (Bhandari et al. 2017 ).
The DLA developed and validated in the current study allows for faster evaluation of maize germplasm at a fraction of the cost of either the screenhouse or field evaluations. The DLA allows evaluating large numbers of genotypes, and can be useful to evaluate resistance to other foliar pathogens, after determining appropriate inoculum concentrations. Comparison of the responses of 14 maize OPVs under DLA, screenhouse, and field screens indicates that reliable resistance assessment can be confirmed as soon as two dai, equivalent to 16 dap, in the DLA, whereas screenhouse and field evaluations required a minimum of 33 and 72 dap, respectively.
In addition to providing a rapid assessment, using DLA has significantly less risks of obtaining ambiguous results caused by co-infection of diverse pathogens, insect damage, or abiotic variables that occur in the field and may occur in screenhouse conditions. Furthermore, with appropriate pathogen quarantine protocols, a large number of both maize germplasm and B. maydis strains can be evaluated simultaneously. Moreover, DLA can overcome limitations associated with both field and screenhouse tests such as space, frequency, cost, and experiment duration. In the field, variation caused by environmental factors may not always allow disease to develop, especially if the evaluation relies on natural infection. In the current study, maize OPVs Sam-2010-3531 and 09A3159 exhibited no SCLB disease symptoms under field conditions. Whether these OPVs possess resistance to the B. maydis genotypes that were present in the field is unknown. We did not characterize B. maydis communities interacting with the maize in Fig. 4 Influence of spore concentration on disease severity. Five spore concentrations of a Bipolaris maydis isolate were evaluated in leaf sections of three maize OPVs (the mean is reflected in the bar chart). Evaluations were conducted in sections of detached leaves plated on 1% Technical Agar amended with 45 μg ml −1 BAP, for 10 days. Bars with the same letter represent means that are statistically similar to one another (LSD, α = 0.05). A = 10 2 spores ml −1 , B = 10 3 spores ml −1 , C = 10 4 spores ml −1 , E = 10 5 spores ml −1 , and E = 10 6 spores ml −1 (Table 4 ). This suggests that these genotypes possess superior resistance to SCLB and may be valuable to include in breeding programs aiming to develop SCLB resistant hybrid materials. A critical aspect of DLA is to ensure that the examined leaf tissues remain viable, with little to no chlorosis. Absence of, or reduced chlorosis allows to properly assess disease severity. Multiple phytohormones are known to prevent chlorosis in different plant species (Twizeyimana et al. 2007b; Loladze 2006; Asnaghi et al. 2001; Costa et al. 2005; Siddiqui et al. 2011 ). In the current study, BAP prevented maize chlorosis in a more efficient manner. Its use resulted in significantly less chlorosis levels compared to all other evaluated compounds (Fig. 2) . BAP is considered an antisenescence hormone. BAP influences maintenance of chloroplast structure, thus delaying the senescence of the leaf (Zavaleta-Mancera et al. 2007 ). It has been reported that there is a greater retention of both chlorophyll levels and proteins in detached leaves of cocklebur plants after treatment with cytokinin, the class to which BAP belongs (Richmond and Lang 1957) . However, in other DLA studies, it was found that the phytohormones KIN or BEN, or a combination of both, effectively reduced senescence of wheat when evaluating diverse diseases (Boydom and Dawit 2013; Felsenstein et al. 1998; Arraiano et al. 2001; Loladze 2006) . Thus, development of DLA for a specific crop demands investigating both the most appropriate phytohormone and the proper concentration.
Since it is well-known that leaf age greatly influences pathogen infection (Chen et al. 1991; Emge et al. 1975) our DLA also was optimized for the most appropriate leaf age to use. It was found that younger leaves (2week-old) were more suitable for the assay. However, several foliar fungal diseases have a greater impact during vegetative stages. On the other hand, development of DLA using leaves from maize at advanced stages may not allow to conduct the DLA in a proper manner since viability is lost rapidly (unpublished results). In addition, other DLA developed for maize report reliable results when using leaves from 2-to 3week-old plants (Weihmann et al. 2016; Degani and Cernica 2014 ). In the current study, results of DLA using young leaves were correlated with results found when testing for resistance in older plants (Table 6) . Thus, use of young leaves on DLA is a reliable predictor of susceptibility to SCLB. Moreover, use of DLA has the advantage of controlling the environmental conditions, and prevent biotic stresses caused by other microorganisms, and may be a more reliable method to screen for SCLB resistance than field experiments and screenhouse methods.
In the current study, variation in disease resistance was detected among the examined maize germplasm. The three screening methods identified Sam-2010-3531 and 09A3159 as OPVs with superior resistance to SCLB. It has been questioned whether resistance is controlled by one (Rhm) or more genes (Chang and Peterson 1995; Gao et al. 2005; Smith and Hooker 1973; Thompson and Bergquist 1983) . Popular views remain that Rhm is the sole determinant for maize resistance to SCLB. However, genotypic differences among the OPVs were not investigated. In future studies, genetic variability between the examined OPVs should be conducted to determine the molecular basis of the resistance. Additionally, a comprehensive study examining the genetic diversity among B. maydis strains interacting with maize in Nigeria and West Africa would improve the understanding of pathogen diversity within the region.
Maize is the staple of millions of people across SSA. It is necessary to develop rapid methods to detect resistance to pathogens that significantly decrease maize productivity, such as B. maydis. The DLA that was developed, optimized, and validated during the course of our studies can be used to rapidly detect maize genotypes with superior resistance to SCLB. The DLA is an effective and reliable alternative tool for maize breeding programs. Future research efforts should consider increasing the number of maize genotypes screened for resistance to SCLB. In addition, the DLA should be adapted to screen for resistance to other major foliar pathogens of maize, as well as co-infection by several pathogens.
